Cyclin Y (CCNY) is a member of the cyclin family of proteins that regulate the cell cycle. The aims of this study were to compare the expression of CCNY in normal liver and human hepatocellular carcinoma (HCC), in normal and HCC cell lines, and in mouse HCC tumor xenografts.
Background
Liver cancer is the seventh most common cancer in the world, with a mortality rate of 19.7 cases per 100,000 populations in China [1] . Hepatocellular carcinoma (HCC) is the main type of liver cancer and has several known causes, including hepatitis virus B virus (HBV) infection, hepatitis C virus (HCV) infection, and other factors such as toxins and alcohol [2] . The causes of HCC may vary geographically. For example, HBV infection is associated with 80% of cases of HCC in East Asia, whereas HCV infection is a major risk factor for HCC in Europe [2] . About 40% of men and 15% of women who have had HBV infection in the perinatal period eventually developed liver cirrhosis or HCC [3] .
Because HCC is of major concern for human health, particularly in East Asia, understanding the molecular mechanisms for the pathogenesis, progression, and prognosis of HCC may improve future diagnosis and treatment. For example, in 2015, Chiba et al. reported that abnormal regulation of certain signaling pathways, including p53/RB, Wnt/b-catenin, and the PI3K/ PTEN/Akt/mTOR pathways were involved in the development of HCC [4] . Also, several members of the cyclin superfamily have been shown to have effects on the development of HCC [5] . The upregulation of cyclin D3 in HCC tissues has been shown to be an indicator of disease progression and is associated with tumor invasion [6] . Although HCC has been extensively studied, the mechanism of hepatocarcinogenesis remains unclear, and molecular studies on HCC-related genes have yet to lead to the identification of biomarkers in HCC that can be used diagnostically, prognostically, or as targets for therapy in HCC.
The family of cyclin-dependent kinases (CDKs) consists of 20 protein kinases that regulate cell cycle progression, transcription, and cell differentiation [7] . Cyclin Y (CCNY) is a highly conserved cell cycle protein in the superfamily of cyclins and is a regulatory subunit of CDK14, which regulates the cell cycle and transcription [8] . CCNY can phosphorylate and activate the low-density lipoprotein receptor-related protein 6 (LRP6) co-receptor, an important promoting regulator in the Wnt/bcatenin pathway [8] . Furthermore, CCNY facilitates cancer cell proliferation, and down-regulation of expression of CCNY has been shown to decreases cell proliferation and tumor growth of laryngeal cancer cells [9] . CCNY is also reported to have roles in adipogenesis, since it regulates the hepatic insulin signaling pathway, and also has a role in spermatogenesis [10, 11] . Oncogenic Wnt/b-catenin signaling is reported to be activated in many types of cancer, including HCC [12] . It has been hypothesized that CCNY is associated with HCC through the non canonical Wnt pathways, and this has been supported by a study in CDK14-CCNY co-transfected cells [13] .
However, there are still limited studies on the molecular mechanism associated with CCNY expression and HCC, although the relationship between CCNY and other human cancers have been studied [14] [15] [16] [17] . Recent studies have shown that CCNY expression is associated with increased cell proliferation in human non small-cell lung cancer (NSCLC), and serum levels of anti-CCNY antibodies are increased in patients with NSCLC when compared with normal controls [14, 16, 17] . Expression of CCNY has also been shown to be increased in human colorectal carcinoma cell lines derived from metastatic carcinoma when compared with cell lines derived from non-metastatic colorectal carcinoma, suggesting a possible role of CCNY in tumor invasion and metastasis [15] .
The aims of this study were to compare the expression of CCNY in normal liver and human hepatocellular carcinoma (HCC), in normal and HCC cell lines, and in mouse HCC tumor xenografts.
Material and Methods

Patients studied
This study was approved by the Ethics Committee of the Second Affiliated Hospital of Zhejiang Chinese Medical University. All patients who participated in the study signed an informed consent document.
Tissue samples from 55 patients who were diagnosed histologically with primary hepatocellular carcinoma (HCC) (Supplementary Figure 1A) were obtained, together with adjacent normal liver tissue as controls. The adjacent normal liver tissues were sampled from macroscopically normal liver and were located >2 cm from the liver tumors and were confirmed to include normal hepatic tissue without malignant cells following histological examination using routine hematoxylin and eosin (H&E) histochemical staining (Supplementary Figure 1B) .
Clinical and pathological patient data were obtained during the study period, between January 2014 and June 2014, including gender, age, tumor size, tumor invasion, histological tumor grade, histological tumor subtype, the presence of lymph node metastasis, clinic stage, and histological grade. Patient data were retrieved from the Second Affiliated Hospital of Zhejiang Chinese Medical University.
All patients with HCC in the study underwent surgical tumor excision with HCC diagnosed histologically. According to the TNM staging criteria of HCC, published by the Union for International Cancer Control (UICC) [18] , from the 55 HCC tissues in this study, there were 31 cases of grade I-II HCC and 24 cases of grade III-IV HCC. The average age of the patients was 65.0±8.5 years (28 cases £50 years; 27 cases >50 years), including 39 men and 16 women. As recommended by the World Health Organization (WHO) histological classification [19] , 44 patients were diagnosed as classical HCC, five patients were diagnosed as combined cholangiocarcinoma-HCC, and six patients were diagnosed as mixed cell type HCC. There were 37 cases with lymph node metastasis. All 55 patients received some form of antineoplastic therapy. All sampled tissues were stored in liquid nitrogen until required for the study.
Cell lines
Human HCC cell lines, SK-Hep1, HepG2, HEP3B, HuH7 and the normal liver cell line L02 were obtained from the Institute of Biochemistry and Cell Biology (Shanghai, China). Cells were cultured at 37°C in Dulbecco's Modified Eagle's medium (DMEM) (Sigma, USA) with 10% fetal bovine serum (FBS) (Gibco, USA), 100 U/mL penicillin (Yansheng Industrial Co., Ltd, Shanghai, China), and 100 μg/mL streptomycin (Yansheng Industrial Co., Ltd, Shanghai, China) in humidified atmosphere with 5% CO 2 .
RNA extraction and quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR)
Total RNA was extracted from tissues and cells using Trizol reagent (Invitrogen, USA). Quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR) was performed using the ABI7500 quantitative PCR Amplifier (Applied Biosystems, USA) to detect the cyclin Y (CCNY) mRNA expression level, normalized to the level of the internal control gene (b-actin). The primer sequences of CCNY and b-actin were purchased from Shanghai Sangon Biological Engineering Co., Ltd., China, and bactin acted as the internal reference. The primer sequences of CCNY and b-actin are listed in Table 1 . The reaction condition was set at 95°C for 10 min followed by 40 cycles at 95°C for 15 s, 60°C for 30 s, and 72°C for 45 s. The experiments were conducted in triplicate, and the results were evaluated using the relative quantification approach (2 -DDCt ).
Western blot
Total protein was extracted from hepatic tissues and cell lines using radioimmunoprecipitation assay (RIPA) buffer. The protein concentration was measured by the bicinchoninic acid (BCA) assay (Pierce, Rockford, IL, USA). The lysates of hepatic tissues and the hepatoma carcinoma cells were loaded onto 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto the polyvinylidene fluoride (PVDF) membrane. The primary goat anti-mouse antibodies at dilution 1: 800 (Beijing Zhongshan Biotechnology Company) included antibodies to CCNY and b-actin and were incubated on the membranes at 4°C overnight and washed for three times in Tris-buffered saline, 0.1% Tween 20 (TBST). The membranes were incubated with horseradish peroxidaselabeled secondary rabbit anti-goat antibodies at a dilution of 1: 2000, (Beijing Zhongshan Biotechnology Company) at room temperature for one hour. The chemiluminescence system (Snibe Co. Ltd., Shenzhen, China) was used to detect the band intensity of each group, with b-actin as the control. All antibodies were purchased from Enzyme-linked Biotechnology Co., Ltd., Shanghai, China.
CCNY expression, plasmid transfection, and RNA interference CCNY cDNA (synthesized from Molbase, Shanghai, China) was cloned into the pGCsi-1H/Neo/GFP vector (Chemical Technology Co., Ltd., Shanghai, China). HepG2 cells were transfected with CCNY cDNA, empty vector, siRNA against CCNY and siRNA without specific target using Lipofectamine 2000 (Invitrogen) for 48 h. HepG2 cells were then divided into five groups: the control group (without transfection), the CCNY overexpression group (transfection of CCNY expression vector), the vector control group (transfection of empty vector), the CCNY siRNA group (transfection of siRNA against CCNY), and the siRNA control group (transfection of siRNA without specific target). Fluorescence microscopy was performed to assess the transfection efficiency of HepG2 cells. CCNY-siRNA (AAATGTGTCGCTCTTGCAATA) of reduced CCNY expression was selected due to its efficient reduction in CCNY mRNA expression in HepG2 cells, while siRNA (TTCTCCGAACGTGTCACGT) served as the negative control.
Cell proliferation assay
HepG2 cells (1×10 4 cells in 100 μl medium) from the different groups were added to 96-well plates and incubated for
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Primer pair sequences 24 hours under serum-starved conditions. The MTT cell proliferation assay tetrazolium dye (20 μl, 5 mg/ml, Sigma) was placed into each well and cultured for 4 h at 37°C in an incubator with 5% CO 2 . Then, 150 μl dimethyl sulfoxide (DMSO) (Sigma, St Quentin Fallavier, France) was added to each well, and cells were gently shaken for 10 min to dissolve the crystals. Absorbance was detected at 490 nm by a fluorescence plate reader (Bio-Rad, USA) on day 1, 2, 3, 4, and 5, respectively. Wells with medium only were used as the blank control and cell viability was confirmed by measuring the optical density (OD) ratio between the treated culture group and the untreated control group. The assays were performed in triplicate.
Indirect immunofluorescence
Cells were fixed with 4% paraformaldehyde for 10 min and then washed twice with phosphate-buffered saline (PBS) and Dulbecco's Formula Modified (ICN Biochemicals, UK). TritonX-100 solution (0.2%) was used to permeabilize the cells for 15 min, and then the cells were treated with 3% bovine serum albumin (BSA) (Boehringer GmbH, Mannheim, Germany) at room temperature for 30 min. The cells were incubated with rabbit anti-CCNY antibody (1: 50), and 50-60 μl primary antibody diluent (PBS with 0.2% TritonX-100 and 3% BSA) was added onto each coverslip. Next day, goat-anti-rabbit IgG labeled with fluorescein isothiocyanate (FITC) (1: 50) was added and the cells were incubated for 30 min, and then the nuclear dye was added followed by incubation of the cells in the dark for 20 min. Then, 30 μl of the fluorescence decay resistant agent was added onto the glass slide, followed by the addition of a glass coverslip, slide mounting, and the cells were dried in the dark for 30 min, and stored in the dark -20ºC.
Transwell assay
A transwell chamber (8-mm pore size) (Costar, UK) was placed into the wells of 12-well culture plates coated with Matrigel (BD Bioscience, USA) to measure cell migration (invasion). A total of 2.5×10 4 cells were added to the upper chamber (Corning, USA) and filled with serum-free medium, while the lower chamber was cultured with the complete medium. After 12-hour incubation, cells from the upper chamber were carefully removed using a cotton swab; cells that migrated or invaded into the lower chamber were fixed and stained with eosin. Invading cells were counted in five random visual fields using microscopy (Olympus, Japan). The assays were performed in triplicate.
Cell apoptosis assay
Apoptosis of transfected cells was detected using the Annexin V-fluorescein isothiocyanate (FITC) Apoptosis Detection Kit (BD Pharmingen, USA) and analyzed using a FACS Calibur flow cytometry (Beckman FC400 MPL, USA), Annexin V-FITC and propidium iodide (PI) staining. Cells with negative Annexin V and negative PI staining represented normal cells; cells with positive Annexin V and negative PI represented cell apoptosis; cells with positive Annexin V and positive PI staining represented cell necrosis. Fluorescence results of stained cells were also obtained via the Olympus FluoView™ 1000 microscope (CME-UFRGS). The assays were performed in triplicate.
Wound healing assay
A wound healing assay was used to analyze cell motility and migration. Cells in each group were seeded into six-well plates at an adjusted density of 2.5×10 5 /mL for 24 h before wounding by scraping. The wound scraping was done in the middle of the cell monolayer using a sterile micropipette tip. After the detached cells were flushed with PBS and removed, the cells were cultured with medium without serum. Images were captured microscopically at 0 and 12 h and analyzed using ImagePro Plus (version 6.0) to evaluate the length and size of the scratch and healing.
HCC xenograft tumor model
A total of 150 5-week-old female nude mice were purchased from the Shanghai Animal Experiment Center. The 150 HCC xenograft tumor model mice were randomly allocated into 5 groups, each with 30 mice: the control group (HepG2 cells without transfection were injected into the mice); the CCNY overexpression group (HepG2 cells transfected with CCNY expression vector were injected into the mice); the vector control group (HepG2 cells transfected with empty vector were injected into the mice); the CCNY siRNA group (HepG2 cells transfected with CCNY siRNA was injected into the mice); and the siRNA control group (HepG2 cells transfected without specific target was injected into the mice). Then, 5×10
6 treated HepG2 cells were subcutaneous injected on the back of each mouse. The injection process was repeatedly conducted over a period of 40 days.
Tumor volume measurements were carried out with calipers, every four days, over the 40-day period using the following formula: volume=(A×B 2 )/2, where A and B were the largest and the smallest diameters, respectively. Mice were sacrificed and tumors were extracted for imaging and weighing. Representative tumors in each group were fixed in formalin and embedded in paraffin, 5-mm sections were cut and stained with hematoxylin and eosin (H&E) and evaluated by light microscopy. Data were collected from fifteen mice, three mice in each group. The experiments complied with the Animal Management Rule of the Chinese Ministry of Health (Documentation 55, 2001), and the protocol was approved by the Ethics Committee of the Second Affiliated Hospital of Zhejiang Chinese Medical University.
Statistical analysis
All data analysis from experiments performed in triplicate was performed using SPSS 21.0 software (Chicago, Ill, USA). Measurement data were expressed in the form of mean ± standard deviation (SD) and were analyzed using the Student's ttest or one-way ANOVA analysis of variance. The Chi-squared test was used to analyze between-group comparisons of categorical variables (counted data). P<0.05 was considered to be statistically significance.
Results
Cyclin Y (CCNY) expression in hepatocellular carcinoma (HCC) and patient clinical characteristics
The correlation between the relative mRNA expression level of CCNY and the clinicopathological features of patients with HCC are shown in 
CCNY expression was increased in HCC liver tissues
The quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot detected CCNY expression in 55 HCC liver tissues and 55 targeted adjacent normal liver tissues. As shown in Figure 1A , the mRNA level of CCNY in HCC tissues was significantly greater compared with adjacent normal liver tissues (P<0.01). Results from Western blot showed that the CCNY protein level in HCC tissues was increased when compared with adjacent normal liver tissues ( Figure 1B) . The relative protein expressions of CCNY in HCC tissues was increased when compared with adjacent normal liver tissues ( Figure 1C ).
CCNY was upregulated in HCC cells
The results of qRT-PCR and Western blot for expression of CCNY differed in in the six cell lines. As shown in Figure 2A , the expression of CCNY mRNA in the cell lines, HepG2, HEP3B, SK-Hep1, and HuH7 were significantly increased compared with the normal liver cell line L02, and the expression of CCNY mRNA in the HepG2 was the highest (all P<0.01). Expressions of CCNY protein in the HepG2, HEP3B, SK-Hep1, and HuH7 cell lines were increased compared with the normal cell line L02 ( Figure 2B ).
These results were consistent with the findings of the expression of CCNY observed in HCC tissue from patients, which further supported the finding that the expression of CCNY was increased in patients with HCC. Since the expression of CCNY in the HepG2 cell line was the highest in comparison to other cell lines, HepG2 cells were selected in the following experiments to investigate the role of CCNY further.
CCNY expression in HepG2 cells following transfection
Fluorescence microscopy was performed to assess the transfection efficiency of HepG2 cells. The transfection efficiency was increased to more than 95% in this study. Also, we conducted qRT-PCR to detect the expression of CCNY mRNA 48 hours following transfection. The mRNA expression level of CCNY in the CCNY siRNA group was reduced compared with that in the siRNA control group, while the mRNA level of CCNY in the CCNY overexpression group was greater than that found in the vector control group (all P<0.01) ( Figure 3A ). There was no significant difference in the expression of CCNY mRNA between the control group, the siRNA control group, and the vector control group. CCNY protein expression between the different groups showed the same trend as shown by qRT-PCR (P<0.01) ( Figure 3B, 3C ).
CCNY expression promoted HepG2 cell proliferation
Results from cell proliferation assay are shown in Figure 4 . The OD 490 value in the CCNY siRNA group was less than that in the control group and the siRNA control group; the value in the CCNY overexpression group was significantly greater than that in the control group and vector control group (all P<0.01). No significant differences in the cell proliferation of HepG2 were found between the control group, the siRNA control group, and the vector control group.
From the second day, the CCNY overexpression group showed a significant upward trend, while the OD value of the CCNY siRNA group showed a steady uptrend, but was still far lower than that of vector control group and siRNA control group. Cells in the CCNY overexpression group continued to grow substantially, whereas the proliferation was reduced and the growth was stabilized in the CCNY siRNA group on the fifth day. These results indicated that CCNY might effect the proliferation of HCC cells.
CCNY expression inhibited HepG2 cell apoptosis
As shown in Figure 5A and 5B, compared with the control group and the vector control group, the CCNY overexpression group had a significantly reduced apoptosis rate (both P<0.01). Furthermore, the apoptosis rate of HepG2 cells was increased in the CCNY siRNA group compared with the control group and the siRNA control group (both P<0.01). Figure 5C and 5D show the expressions of the apoptotic proteins caspase-3 and Bax were much lower in the CCNY overexpression group compared with the control group and the vector control group, whereas CCNY expression was increased in the CCNY siRNA group compared with the control group and the siRNA control group. Compared with the control group and the vector control group, the apoptotic protein Bcl-2 had increased expression in the CCNY overexpression group, whereas Bcl-2 had lower expression in the CCNY siRNA group compared with the control group and the siRNA control group. There was no significant difference in apoptosis rate between the control group, the siRNA control group, and the vector control group. Therefore, CCNY may suppress HCC cell apoptosis. Figure 6 shows the FITC-labeled annexin in the CCNY overexpression group appeared to be less than that in control group, and silencing of CCNY promoted cell apoptosis when compared with the control group.
CCNY expression facilitated HepG2 cell invasion and migration
As shown Figure 7A and 7B, the number of migrating ( 
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group was greater than that in the control group and vector control group, while the closed wound area in the CCNY siR-NA group was smaller than that in the control group and vector control group (all P<0.01) ( Figure 7C, 7D) . Figure 7E and 7F show that the expression of the cell migration and invasionrelated proteins were much greater in the CCNY overexpression group compared with the control group and the vector control group, whereas the expressions were reduced in the CCNY siRNA group compared with the control group and the siRNA control group. There was no significant difference between the control group, the vector control group, and the siR-NA control group. Also, the number of migrated cells for each group showed similar trends (all P<0.01). The expression of CCNY expressions differed in their distribution within the HCC cell membranes (Figure 8 ), suggesting that the shapes of the tumor cells in HCC were heterogeneous.
CCNY expression promoted HCC tumor growth in tumor xenografts in vivo
As shown in Figure 9 , both tumor volumes and tumor weights in the CCNY overexpression group (698.32±32.53 mm 3 , 220.21±21.03 mg) were greater than those in the vector control group (350.42±22.37 mm 3 , 165.17±9.02 mg) after the corresponding treatments were injected over the 40-day period. Tumor volumes and weights in the CCNY siRNA group (200.76±19.79 mm 3 , 95.19±12.31 mg) and were less than in the siRNA control group (all P < 0.01). From the 28 th day, the CCNY overexpression group had an upward trend of the tumor volumes and a decline in the tumor volumes in the CCNY siR-NA group from the 24 th day compared with the vector control group and siRNA control group. The weight of the tumors increased at the 12 th day, and the tumor weights of the CCNY overexpression group were considerably greater, and the tumor weights of the CCNY group showed a decline from the 24 th day. There was no significant difference between tumor volumes and weights among the control group, the vector control group, and the siRNA control group.
Discussion
The findings of this study to investigate the role of cyclin Y (CCNY) in the proliferation and migration of human hepatocellular carcinoma (HCC) cells showed that the expression of CCNY in human HCC tumor tissues was significantly increased when compared with adjacent normal liver and that HCC cells grown in vitro showed significantly increased expression of CCNY, cell proliferation, and migration, and a reduced rate of apoptosis, compared with cells with CCNY knockdown (siRNA). In a xenograft mouse model, tumor volume and weight in the CCNY overexpression group were significantly increased, compared with CCNY knockdown (siRNA) group. Carcinoma used to be believed to be due to the abnormal expression of oncogenes and tumor suppressor genes, but there is now increasing evidence that carcinogenesis involves changes in the cell cycle [14] . Cyclin, cyclin-dependent kinase (CDK), and cyclin-dependent kinase inhibitor (CDKI) modulate the cell cycle at the molecular level [20] . The cyclin superfamily of proteins is part of a network that regulates cell growth, proliferation, and apoptosis [7] . All the members of cyclins contain a conserved sequence that includes 100 to 150 amino acids or cyclin box that binds CDK to regulate the cell cycle and cell proliferation [21] . Previously published studies have shown that cyclin participates in a number of processes for tumor formation; cyclin A is reported to be related to the development of glioma and ovarian carcinoma [22, 23] , while cyclin D overexpression is associated with breast carcinoma and esophageal squamous cell carcinoma, and cyclin E is highly expressed in both bladder carcinoma and colorectal carcinoma [24] [25] [26] [27] . Recently, a study conducted by Sun et al. reported that the interaction between CCNY and serine/threonine-protein kinase PFTAIRE-1 (PFTK1) might affect HCC through a non-canonical Wnt signaling pathway [28] . A further study by Yue et al. showed that the expression of CCNY was significantly increased in NSCLC [16] . A previous study has reported that CCNY can enhance cell proliferation, colony formation, cell progression and tumorigenesis in glioma cells [29] . The results from the in vivo xenograft study showed that the volumes and weights of tumors were increased when CCNY was overexpressed, which is a finding supported by the study published by Yue et al., that showed a positive correlation between tumor size and CCNY expression [17] . The findings of the present study showed a significant increase in the expression of CCNY in HCC tissues compared with normal adjacent liver tissues, which add to the recent studies on cyclins, including CCNY, and malignancy.
This study has several limitations. Since only one HCC cell line, HepG2, was filtered in our study, the influence of CCNY on HCC proliferation and apoptosis may not be representative for HCC in the findings using this cell line. Also, our study demonstrated a potential relationship between CCNY and cell proliferation, and cell migration (invasion) of HCC cells. `However, the specific mechanisms for the role of CCNY in cell proliferation, invasion, and metastasis for HCC should be studied further.
Conclusions
In tissue samples of human HCC, and human HCC cell lines, increased expression of CCNY was significantly associated with cell proliferation and migration. Further studies are recommended to evaluate the role of CCNY as a potential diagnostic biomarker or target for treatment in human HCC.
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